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TIIE producUon of 
synthetic ruliliers of 

nil types in the United 
StAtcs until 19J0 rcprc-
8cnt«I only a modemtc 
effort l>y several of tiie 
larger chemical, pelrolciim, 
and rubljcr companies to 
develop possibilities along 
their particular lines of re­
search and development. 
Thiokol wn.i intrfKliiccd 
commercially in l".t20, hut 
its pro<luct ion al I ained oidy 
mod<'Ht figures. N'eoprenc 
entered the picture in 1!)32 
and Iwcamc a vahiahle nih-
iK-r specialty, although pro­
duction In-forc the war 
rebelled only a feiv thou-
san<l tons annually. Not 
until early 1940 «:«• an 
aJI-riurpoNc riiliU,*r, .tuch 
as GTl-S, conriidvred on a 
commercial sc.ile. although 

extensive development h.ad been conducted in thc ficUl of diene 
copolymers following initial German production of Duna S in 
1035. 

On June 2.5. 1040, the Reconstruction Finance Corpomlion 
.\ct was amended to authorir/; thc U.F.C. to create corporations 
for thc purpose of acquiring strategic and critical material.*; as 
defined by the President. On June 28 of the same year the 
President designated rubl>er as a strategic and critical material, 
nnd Rublwr Ileser\-c Company was created by the nccoastmction 
Finance Corporation. The original purpasc of Rubber Rescr\'c 

-Conipany was to buy nn<l accumulate o stock pile of natural 
rulilwr ns a safeguard against possible war in the Far East. Thc 
later activities of Rubber Rcscrs'e, as explained in thoir n-ports 
(5), have been predominately concerned with thc Government's 
synthetic ruhlwr program. These activities have been unique 
in comparison with activities of othcr government agencies, in 
that Rubl>er Rescr\'c has had thc direct responsibility, from the 
llat" of its inception, for the formulation, correlation, and opera­
tion 6{ a program involving a new industry of great magnitu<le. 

March 28, 1041, Rublwr Rcsen-e requested four large rublxT 
companies to submii proposals for the construction of four syn­
thetic rublK'r plants, each with a capacity of 2500 long tons 
annually, fn May 1941 thc plans were revised lo 10,000 long 
toM.i (XT pliinl. Immediately following the attack on I'l'nrl 

,. Harbor the program was inerease^l to 400,000 long tons per year, 
ami after llu- tall of Singapore (February 15, 1942) llie prngram 
WIU* iixTeuse.l tn surcessivo stages to a total of fiO.'i.OOO long toti,** 

^ ^ T h c prodiiclion of ftynth«lic rubber in ih« Unitcil 
StalcM in <lescril»c<l, bn th before the war and after the ivnr 
p rogram was in i t ia ted . T h c principol types of riiblter 
pro<lure<l hy Ihc in<his(r>- an<t mefho<lK employed for 
nianiifacl i i rc a rc o u l l i n c l . I ly-prodnel wasted from Ihc 
prtMltielion of nynlhel i r m b l i e r a n d from Ihe maniifact t i re 
of the principal mater ia l s employcil in Ihe processes a r c 
citscusscti, and lahlen are presentetl t ha t rthow the ctTcct 
of these wastes on opera l ing p lan t e n i a c n t s . T h c raw 
mate r ia l s necessary for product ion of syn the t i c ruhlicr 
0>uladicne and s tyrene) a rc i;iven. .Methods a d o p l o l 
for rccovcrj' of par t ia l ly o r wholly processed mate r ia l s 
fntm waste waters an well ns t r e a t n i e n t farilitien now 
ins la l ln l a rc dcxcrilKsl. T h e design of t r e a t m e n t farili l ics 
IK tottcltcvl il(Kin and chemical mctho<ls (ar iniprn^irtf; 
p lan t ctfltieniM are oiii l ineil . . Flow sheets i l lus t ra te t h c 
dischnrge of liquid wastes Into p lan t Mcwcrage sys tems , 
and the localiott and charac te r of I r e a l m e n i facilities 
for renioviftg ohjcel ionahle co i i s t l luen ts from waste 
w-alcrs. DisfKisnl of recovered n ia lcr ia ls Is discu«sc<I. Kx-
pcndi lu res are oulllnetl tha t hove Iicen mu<lc for waste 
I r co lmcn l facilities du r ing t h e relatively shor t pcrioil In 
which the .Vmcricon syn the t ic ruhl>er i ndus t ry has exisicil. 

inst.alle*! cnp.arity, including 
705,000 long tons of GIl-.S. 
00,000 long tons of Rutyl, 
and 40,000 long tons of neo­
prene. Because of operat­
ing improvements this 
program later (lemfinstrated 
that more than 1,000,000 
long tons p<"r year of the 
three types of rublK-r could 
lx; producr<l. In all, fifty-
t h r e e p l a n t s involving 
forty-nine indust riid organi­
zations were constructed 
for thc United ."States 
Government rubber pro­
gram. These include not 
only thc copolymer units, 
stj'rene plants, and buta­
diene plants utilizing Imtli 
alcohol and i>etroleum for 
fei-dstocks and butylene 
feedstock units, but also 
n<.*ees3ar>' catalyst, rhemi-
cal, nnd solvetit oi>crations. 

RURBKR TYrF.S AND moCKSSF.S 

The general types of rubl>er produetnl in the chemical rublxir 
program nrv repeated here; « 

Gli-S 

GR-I 

cn-M 

Includes all-purpose G H-S Copolymer of butadiene and 
types, such as Gll-S^AC, elvrcnc stabiliiod with 
GK-S-10. GU-S niacV 1, antioxidants 
etc. U) 

Butyl for pneumatic nnd Copolymer of isoljutyleiic 
Kcncral inner tube applies- and isoprene 
tions, coatings, etc. 

Kcoprcne for special applica- Polymer of chloroprene 
tions. such as oil and sol­
vent, resistance, foam 
sponge, etc. 

GR-.S is first producwl as a latex by cnuilsion copolyrneriisition 
of 8t\Tene nnd buta<lienc with tallow or other stearate oiI-ba*m 
soaps, and coagulated to crumb by one of a numlwr of coagulating 
chemicals. GR-.S-10 varies from GR-S in that a rosin acid .soap 
ia use<l as thc. emulsifying agent during copohTnerization. 
Other chemicals arc added during the eopol\Tnerization step to 
prox-ide modification of the molecular strtictun- of thc co|>oIymcrs 
nnd loconlrol thccxlcntof the conversion. Practically all G R-S 
plants opernic on similar flow sheets. GR-S Black 1 includes an 
ndditional step whervby carlwrn black slurries aro coagulatisl 
simultaneously with a given latex stre«l\l Ui prwluoe a rulilK'r 
Cfintaining at>ttro.\.imatcly u third carlKjn black in the fini.vheil 

S89 



S90 

V.-'z-: t s 

I N D U S T R I A L A N D E N G I N E E R I N G C H E M I S T R Y 

. . - - . - T T . . . I • "• ' • • . ' ' ^ >• - ' • 'I.-*.i I : - • . - . . . . . ^ _ . ' i . r . . . i . - - , J«»—.• . '1 t;.r- _ '^j iT^* 

Vol. 39. No. S 

Flpiirr 1. Fl<»w Uinfirum of Wa-*!*.- Tr ru t in r tK ami DiH|M)Hal for a Synll icl ic HtililH-r (GK-S) P lan t 

A. M*m# ' t rn fM 
I t . R«*vmn«l a^pMra tor 
<-. S jx -n t c « u w l i c p i t 
/ ' . L ^ t r x Mitrnp 
E . C o m p a r l m r n t l a n k 
y . V a c u a t o r 

<r. I l a r o f n r t r i c • i i m p 
t l . B u m l n c p l t 
J . F i n a l • r p n r a t t i r 
K . S l u d g e I K ^ 
/ . . l i a r n i t e r s 
Af. Tmi ion ' t a n k 

1. S l y r « n e a n d o i l rrcovfrvMl 
2 . S l u d s e 
.Iw S p e n t c«uat )« i 
-i. S a a p c , t n o d i G e r , a n d a n t i o x i d a n t 

d r a ! r t » y * d 
5. P o l y m e r a n d a t r r r n A b u m r d 
6 . S t 7 T c n « a n d l a t e x r « c o * e r « d 

7. I . .atr« rerov^r«Nl 
8 . l t u l ) W r c r u i n l M a c r a p p * ^ ! o r b u r n a ^ I 
9< l l o i l ^ r b l o w d o w n 

10. C n t i l i n c l o w e r b l o w d o w n 
1 1 . O i U b u r n e d 
12. O i l 
13. D i l u t i o n w a t e r 

-» 

product. GU-S is ."^hipped in 75-po(ind paper-sacked bales in 
most in-strtnccs. 

GR-I (Butyl) i-s produced by tlic copoIymcrizHlion nf snuill 
amounts of isoprene witli isobutylene in thc pri*<cnce of a catalyst 
at Icmpcraturcs bolow —150** F. and r< ĉov(.Tcd from thc .solvent 
menstruum &s a snow-white crumb. FAtrumrly largu qtinntities 
of hydrocarbons and solvents must be rccycK*<l in thc proces.s. 
Tlic finished product is shipped in 50- and 75-pound cartons. 

GR-M (neoprene) is produced b}' thc emulsion polymerization 
of chloropivnc, which is manufactured from acetylene and Iiydro-
Kcn chloride. Numerous ranKcs of vi.scor-itie.s of the finiwhcd 
polymer arc availnlilc. Shipments nre made in baps of 50-
pound weight in thc form of cither ropi: or sheet. 

Styrene, althouF;h prod\iced by .scvenil different procc.'̂ Pes, prc-
*<enta in general a rather uimple and straightforward plant flow 
.•:hoct (£). Ethylbenzene, the l»a.*>ic iiitenncdiatc, is produced 
from both alcohol and petroleum sources by alkylation of ethyl­
ene directly with Ijenzene in the presence of a catiily.st. Sine*' 
comrncrcial production of .«;tyrenc' wiu» si^Kt.intial prior to tlie 
war, the pn)bk'main!n:rf:nt in thi.s oi>erul.ion W(.TC wenundcrntoo<l. 

BuLadienc is pr<̂ Hiuc<̂ d from alcolif)l und petroleum. The 
oiM;ra!ions of thc a!colioI-typ(; plHriLs o-"! they were con.structc^l 
were ulmost L-nlircly similar; however, tlie rMjtroK;um-tyix! Iiuln-
di*-nc proresfl utili/rd three ICL-JIC rnHleriids, Itichiditi^ nitfihtit:!. 
hiitant.-N (/), and normid butyh:n<:s (,9). 'I'hc proce^w for the 

recovery of products varied in that widely different tyjK's of sol­
vent recovery sj'stcms were employed. Differences in PolvenU 
used created dissimilar process- and waste-handling problems. 

Tabic I lists thc plants of the government rubber program 
according to location rather than type and presents thc water 
sheds involved in their operations. In certain locations the com-
bine<l wastes of thc operations present a cross section of :dl the 
typical operations necessary for production of a given lyi>e of 
chemical rubber. Thus, a t Louisville, Ky., where the Ohio 
RA'cr receives the outfall from thc plants, an alcohol butadiene 
unit, a carbide phtnt including facilities to produce acetylene and 
nitrogen, two GR-S copolymer units, nnd a neoprene plant are in 
operation. At Los Angeles, Calif., two copolymer plants, a i>e-
troleum butadiene pl.int, and a styrene unit utilize thc Dnminguez 
Channel as their outfall for industrial witsttsi. 

IlY-rRODUCT WASTES FItOM SYNTHtrTIC RUIUIKK 

A wide variety of organic chemicals are employed in tho pro­
duction of intermediate and fmal products of the synthetic rubl>cr 
indastry. The cliemical cl»aractcrLstic« of these compoun<Is arc 
well known when referred to the reactions that arc essential in 
producing the quality* of materials net^letl for production of MI-
IMrrior grades of synlhetic rublH:r. Thin knowledge, however, 
does not exiend lo thc iKihavior of many of these c<tmpnniidN In 
water enviroimient and their effect ujKjn stream saniliitidn. i39 
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Generally, hydrocarbons essential lo these processes are only 
slightly soluble in water, so that measurcmcnis are best expressed 
in terms of parts per million. Many of these materials can bc 
oxidized by bacterial activity in receiving waters and thus create 
an oxj'gcn demand that may result in depiction of the dissolved 
oxygen content of the waters. *> 

Earlier in thc program eth^'I alcohol was animportant raw ma* 
terial used in the production of butadiene, but today thc greater 
part of butadiene ased in thc industry' is derived from petroleum 
products. Butyl rubber and neoprene are important components 
of sjTithctic rubber production but arc produced in relatively 
small quantities compared to GR-S. 

Table II lists raw materials used in producing GR-S and in 
preparing its two principal consCitucnts, butadiene and styrene. 
Table I I I presents recent analytical data on typical GR-S plant 

^liquid wastes. Recent average analytical data on t>'pical buta­
diene (petroleum) plant liquid wastes are shown in Table IV and 
on fltjTcne plant liquid wastes in Table V. 

P R O G R A M F O R S O L L T r i O N O F W A S T F . P R O B L F . M 

Since so many problems arose from thc large scale operalion of 
these new units of American industry* (Table I) , it was impossible 

to analyze each problem within a reasonable time and provide 
adequate facilities fpr the handling, recovery, treatment, antt dis­
posal of liquids, solids, and gases. Furthermore, in common with 
many war-built facilities, lhe plants of thc rubber program were 
constructed with the least possible expenditure in time, labor, and 
money. Because of the lack of experience with most of thc proc­
esses of synthetic rubber manufacture, many of the treatment 
and disposal problems were unique and required thc attention of 
ffpecializcd pcnronnel. In some cases it was necessary to under­
take experimental programs of some magnitude. Many improve­
ments had been carried out in 1943 and 1944 in localities where 
conditions of stream and atmospheric sanitation were critical. 
During 1945 and 1946 the remaining problems connected with 
waste disposal were sur\'eyed in detail, improvement programs 
initiated, and many individual projects installed. Eany in 1945 
the following policy pragram was promulgated by Rubber 
Rc.«orvc: 

Liquid and gaseous discharges from all plants should be reason­
ably free from objectionable materials which might cause trouble 
when these materials arc discharged into water courses or atmos­
phere. 

Facilities for the adequate handling, recover^*, treatment, and 

Tiihic I. IMiiiilH of thc Cover t imcnt Rubltcr Program 

L O C A T I O N o r T L A V T P L A N T O I T R A T O R * 

N ' B U C R I U ^ ' V . C o n n . U . S. R u b b e r C o . 

Ki r rd tone T i r r Jt l l u b l w r C o . 

G o o d y r o r P y n i l i c i i r Hub l t e r C o r p . 

I ' l i iverwiiy of Akrf>n 

A k r o n , Oli lo 

ArhtAhiilfl , O h i o 
T o l e d o , Dliio 

K o b u t K , Tn . 

I n s H t u l r , W . V R . 

f,ouif<vittc, K y . 

Memplij .*, T e n n . 

B n t o n KouRc, La . 

L a k e C><Arlcf>, Ln. 

T o r t N e r h e s , T e s . 

Na t ionn l C a r h i d p Ci»rp. 
Svin Oil C o . 

K o p p e r s C o . ' ' 

t : . P . H u h b e r C o . 
C/i rb idf <t Cnrbon Ch f tn . C^rp ,^ 

H. r Goodrioli Clfcfn. C o . / 
N'fttl. S y r t h e l i r Itubl>cr C o r p . 
C a r b i d e A Car()on C h e m . C o r p ^ 
.N'olional C a r b i d e C o r p . * 

D u Pon t C o . 

Q . O. CI.eiii. C.. .* 

C o p o l y m e r C o r p . 
.*5tnnd:trd <JiI C o . of N . J.»" 

F i r ^ t o n e T i r e , t U u b h e r C. . . 
C i t i es S e r v i r e I tef inine C o . 
F i r e s tone T i r r A I t u b b e r C o . 
M. I". ( Joodr i r l i C h e n . . C o . 
Necbe« I l u t a n e P r o d u r t u C o . 

G e n e r a l T i r e A- I t u b b e r C o . 

H u m b l e Oil A ne f in ing C o . 

n « y t o 

T e i a a C i t y , T e x . 
V e U i e o , 1 r i . 
I IouHton, T e x . 

B o t g r r , T e x . 

L o t Ance len . Calif . 

E l S e K u n d o . Calif . S t a n d a r d Oil C-j . of Calif . 

T r e e o r 
P L A N T 

G R - S 
Modif ie r 
G K - S 

cn-s 
I j iboPBlory 

C a l e i u m r a r b t d e 
H u t a d i e n e 

I tu t t id iene 
S i y r e n e 
G l l ' S 
Mutadiene 
. ' i iy r rne 

M u t a d i e n e 
.\ eel y Iene 

X i t r o g e n 

C R - M 

F u r f u r s l 

G R - S 
B u t y l 
l l u t a d i e n e 
<;K.S 
H u t n d i e n e 
G K-S 

l l u i a d t e n c 

C U - S 

B u t y l 

B u t a d i e n e 

R A T C O CArACITT 
PER Y K A B 

30 .000 I*.T.* 
I.WW S . T . * 

no.ooo L.T. 
.10,000 I , .T , 

P I y r e n e 
P t y r e n e 
G U - S 

B u t a d i e n e 

cn-s 
l l u i a d i e n e 

M o n « a m o CKeiti. C 'o . ' 
l l o w (.'lietii. Co. l 
G o o d y e a r S y n t l i c t i r I t t i t iher C o r p . 

.^inrliiir R u b b e r I n r , 

n . F . O n o d r i r b CJieiii. C o . 
I'liillipn IVt ro leun i C o . 

G o o d y e a r Syntb<-tie U u b h e r C o r p . * C R - P 

U . S. Rub(>e rC i . . G R - S 

.Shell Chei i i ieal C o r p . B u t a d i e n e 

l)o«- C h e m . C o . S t y r e n e 

S o u t h e r n Colif- Cla" C o . B u t a d i e n e 

I t u t a d i e n e 

72 .000 S . T . 
13.000 S . T . 

WJ.OOO P . T . 
37..VX) S . T . 
W.OOO L . T . 
W.OOO S .T . 
2.V000 S .T . 
i\0,000 t . . T . 
.10.000 L . T . 
fin.000 S .T . 

l . .W0,O0Oru. 
f t . / d a y 

1«0,000 ou . 
f t . / d a y 
60 .000 L. T . 

12.000 S.T. 

30 ,000 L . T . 
38 .000 L . T . 
-»5.000 .S.T. 
60 .000 L . T . 
.S5.000 .S,T. 
60 .000 L . T . 
60 .000 L . T . 

100,000 S .T . 

30 .000 L . T . 

30 .000 L . T . 

40 .000 S . T . 

50 .000 S . T . 
&0.000 S .T . 
00 .000 L . T . 

WATr.R C o u R s r . A T S I T E 

K a u c ^ t u e k R i v e r 
NaUKAtuck R i r e r 
M u n i e i n a l f tcverace & O h i o 

C a n a l 
M u n i c i p a l seweraice A H a l e y ' s 

U t t c h 
M u n i c i p a l oe i r e race ic O h i o 

C a n a l 
F ie ld HrooV 
D i t e h a n d O t t e r C r e e k 

O h i o R i v e r 
O h i o R i v e r 
K a n a w h a R ive r 
K a n a w h a R i v e r 
K a n a w h a R i v e r 
Afun i r i p s l •ewerajre 
O h i o R i v e r 
O h i o K i v r r 
P a d d y v R u n 

P a d d y s R u n 

P o d d y s R u n i i Oh io R i v e r 

F I N A L R c c n v i . v o B o o r 
o r W A T E R 

X a u s a t u c V R i v e r 
.Vauca tuck R i v e r 
L i t t l e C u y a h o K a R i v e r & 

C u y a h o c a R ive r 
L i t t l e Cuyahnica R i v e r A 

C u y a h o c a R ive r 
L i t t l e C u y a h o c a R i v e r & 

CuyahoKK Rive r 
A n h i a b u l a R i v e r 
M n u m e c B a y 

O h i o R ive r 
t t h i o R ive r 
f>hio Uivcr 
O h i o n i v r r 
<Jhio R ive r 
Ohio R i v e r 
O h i o R i v e r 
Oh io R ive r 
Oh io R ive r 

O b i o R ive r 

O h i o R i v e r 

Mifs iMippi Ri\-er M u n i c i p a l ^ e w e r a s e A Wolf 
Uiver 

M o n t e S a n o B a y o u 
M o n t e S n n o h n y o u 
M o n t e P a n o B a y o u 
B a y o u D ' l n d e . 
B a y o u H ' l n d e A Cale iwieu R i v e r Ca lcas ieu Uiv^r 
Outfnl l C a n a l A N e c h r a Hiv«r Ne<-he» U i r « r 
Ou t f a l l C a n a l A .Veches K i v e r 
Out fu l l CunnI 

Mif:«i53ippi R i v e r 
Mia?i.«3ippi R i v e r 
.MissiMiippi R i v e r 
Ca lcas ieu R ive r 

Xechea R ive r 
Neehe* R i v e r 

S c o t t B n y 

Sco t t B n y 

S c o t t B o y 

C a l v e a l o n B a y 
B r n i o a R ive r 
StinniB B a y o u 

50,000 S . T . P i m m a B a y o u 

4S.O0O L . T . D i l r b A r r r e k 
aU.OtHi S .T . I>it«-h A creek 

60 .000 L . T . Dont i t iKur t C b n n n e l 

30 .000 L . T . l loMtinRuei C h a n n e l 

SS.OOO S .T . D o m i n r u e x C h n n n e l 

25 .000 S . T . D o n i n K u r t C h a n n e l 

30 .000 R . T . M u n i c i p a l fewernRe A Loa 
AnReles R ive r 

18.000 P . T . Paci l i f ( V e n n 

S a n J a r i n t o R i v e r ( l l ouBton 
Sh in C h a n n e l ) 

S a n J a c i n t o Ui\ 'er ( H o u s t o n 
S h i p C h a n n e l ) 

S a n J a c i n t o Uiver ( H o u s t o n 
S h i p C h a n n e l ) 

Gulf of .Mexico 
Gulf of M e x i c o 
B u l l a l o U a y o u ( H o u s t o n 

S h i n C h a n n e l ) 
BufTalo B a y o u ( H o u s t o n 

S h i p C h a n n e l ) 
C i n a d i a n I t iv^r 
C a n a d i a n R i v e r 

Loa Ancelea H a r b o r (Pac t l in 
O c e a n ) 

I.oa AnRctea H a r b o r (Paci f ic 
Ocean) 

Lon Attftetes H a r b o r (PaciGc 
O r e a n ) 

I..o« Angelea H a r b o r (Pacif ic 
Ocean) 

Poci l i r O c e a n 

Po<"ifir Oceon 

• P l a n t * no t i n c l u d e d : H u m b l e Oil A RefininR C o . , I n d e n l d r , T e r . . d i i m a n t l e d ; Lion Oil Ref inine C o . , Kl D o r a d o , .^ rk . , p r i v o t e o p e r a l i o n x : T a y l o r Re -
flninc C o . . C ' l rpu* C'hriBii. T e i . , d i« i t i an t led : P remie r Oil Kef in ins C o . , C o t t o n X'alfey, !<«., feed utoi-k o|)crnf iotm u n d e r c o n t r a c t : Crewt Sou t i i e rn C o r p . , 
C o r p u s C h r i n t i , T e x . . le«Mi*t(»ck o p e r a t i o n s u n d e r c o n i r a r t . 

• • l.onK loim. • ' ."Short Ktun. ^ [• Btrvnd-by. • P r i v a t e o i i e ra t ion BH of O c t . I S . t 0 4 6 . f P r i v a t e opera t iu t i «B of J « n . 1. lO-i^. 
• No t wh«iHy Knvcrni t ie i i i -uwncd. * P r i v u i c opc rn t ion nn of N o v , 1, 194ft, » Inc lude* one new p l a n t a n d cn t ivvr icd fH<.-ili(ir*, 
/ Profui i ia l i iy will be mtld t o Uow C h e m . C o , * OrigitntI oi>cr«ttona a t 30 ,000 long t o n s , o n e u n i l idle. 
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K i m i r r 2 . Kh*** D i n ^ r u i n tif U'li**!** ' r r n i t i t i c i i l I I IKI l)i?«iM>>4til fo r ti Uiitadi<*tir ( I ' r l r o l r i i i i i ) IMuiil 

. t . .NctiirMlialntr M u m p 
II. UfittuTial •r | iMra(f»r 
*.. F i n a l •rf iar«t<»r 
/ ^ t m l M i f r i a i i k 
A;. llMy n i t c r o 
A. l l i i r n I n K p i t 
<:. SliidK*- l*r^ 

1. Si i l fur t f : « r{d l<-Mk> 
2. <:aii<tic » H I N « U * I I * - « 
3 . S i i l l IHH t o n i * 
4." |-V«-«I MttK-k WBt»T w a a l i 
.*>. V ' a < i l i d « * * « n - « l a n 4 l <^><*l inK «< 'a tp r 
6 . S«-«-<in<l-«tMKc r « > r t i p r < - K * o r ^ v a t r r 
7. Wt i t c r d r d w - f * ^ , m i n o r a m o u n t " 
8 . Kur fu r t i l | »o l>n i^ r I x i r n * ^ 

9 . S ^ i l l m r n t l o « l t i m p 
Ht. r i o a t i n i t u i U l i u r n n l 
11 . H o l l r r M o i ' d o w n 
12. . ( . : iMrtnc«tipn HIU. IKI - , n i t r r IIMC 

•r4>litr r ^ x ^ r i T N t i o n 
1 3 . T a n k d r a i n a g e , a t o r m wwie r 
I 4. I ' l i m p l ^ a k * 
I S . Cool in ic t o w r r b l o w d o w n 

di«pn.<^T.i of l iquids, .-iolids, niHr g;L'H,'s a r e considered JL** i-.<s<*nlial 
p lan t oiK-niting fHcilitics. 

R u b l w r RestTve d'K*.-! not wisli t o a w a i t dovclupmcnt.s of com-
pl.-iinU rcg.'irdlng object ionable ma te r i a l s in thc process witstes 
U't'orc L-ikinpaction to r emove these mate r ia l s , 

S teps «houl<l IK* t a k e n to instal l , a s soon a.'? nos.<:ib!c ami in all 
pkihts , t he nrccs.s:iry fnrilities lo prevt;nt t he tli-'^clmrgc of ob jec -
tionahh* ni.Hterials. 

.Should special condi t ions deve lop which wotild n\:ik(; f u r the r 
handl ing , rL-cov(.'ry, and t r e a t m e n t of ob jec t ionable nL-iterials ncc-
<-• a ry , llie ope ra to r of the p lan t should r ecommend the eini»loy-

l i i b l o I I . I*riiict|»al H a w M a t c r i a N l{<H|tiircd iti Sy i i l l i r l i< -
ICiilil»cr I*r(Hltir(ioii 

<;U.S . Ib./loiiK ti.n of p r o d u c t 
Mutadiene 
."^tyrene 
S^iop 
.\IiBcellaneou* c h r m t c a h (modifier , c a t a lyx t , 

T-hort-'it'ip. a t i t iux idan i ) 
C o a c u l a n t ' sa l t or a l u m ) 

l l u i a d i e n e * . Ib./IOOO Ib. of p r o d u c t 
Furfura l ' w h e n u^ed) 
Cl ipper aiiiii ioniutn a c e t a t e (when u!>ed) 

inio 
.S20 

rcio 

1.% 

S t y r e n e . Ib./IOOO lb. of p r o d u c t 
Menteti^ 
Klhylct ie 

* ^^'i(ll ix-ir'dpuiii prifliiftM UK 
IIR t'l ly i - - - of fr.-d.io'-k u-cd . 
'•'1 i-ctTMltum nxriliiliKTi. 

RHO 
3 J . l 

S i i i . - i l l A t i i o u n t t 

frr<l^t'i(lc: ' i t l i r r r>rri>itil u n i t s \firy ni"f<»rd-
wl.ich ini-iudo M-buiniie. Mii»ed tnUylcnc- . 

ment of contfK'lent atid exiK'rienccd s;K'ci;iIiNt.< to s t u d y the preiln 
leni a n d t o r e c o m m e n d nece.s.^ary prac t ices a n d facilities. 

K i t e in 1045 a n d ear ly in 1940 it was nrreK.<ary t o t a k e in to ac­
coun t tlie p l a n t s whieh vvould ii<it contintifr in t h c gftvernnieiit 
pro<luction p r o g r a m . I l en re , in .«<mie p l a n t s all cons t ruc t ion 
project.*; u e r r held in alM-yance unt i l the fu tu re o|H'rutt<inal jiro-
gntm-^ were f o r m u l a t e d . In t h e o t h e r p l a n t s t he p ro jec t s un<Ier 
way were cont in t ied , and the iieeessary new work WJL*; authorir .eil . 

T h e OfTiee of Kul)lH;r I teserve employed ron.-^nltant.s in !tM3 
and in V.li'} t o inv<*stigate fariliti<-.s and nieth<rtls for eori\*elion <if 
indu^1rial w.-L-jte.s. In 1*M3 a n d i'.ll-I t he I ' n i t ed S t a t e s Puhl ic 
Hea l th Service t:onlriliul<-<I va luaMe s tud ies on WMst<-s fnun op ­
e r a t i n g p l a n t s . In P.)-IG, a t t he reiiuest uf ItuhlH-r Reserve one of 
t he a u t h o r s (Powell) wasdirerU-fl to m a k e an ind<*jH*ndent. su rvey 
of all facilities in t he planl.< oiK-Tiittug in t he p rog ram a n d to m a k e 
recommeixUit tons on thtr adefjuaey of exis t ing facilititrs a n d sug-
gestioiLs for add i t iona l j)ractit*e.-< an<l furilitie-«. 

Dur ing the per iod .<<epieml>er 7, I ' l U , th rough .M.Treh 2 1 . 1(145, 
five niei:(ings were lield Iiy t h e Suheomni i t t tT on P l a n t Proces** 
Wastes of t he C o p o l y m e r 0|K*rating Coinmittt. 'e <if Itu))l>er I le-
MTVo C o m p a n y . T h e menil ters of th is .«ulM-oinniiltee repre -
.s<rnted all of t he t:omi>ani4's in t he G R - S pnigrant in t he l,'niie<i 
.SlJites a n d C a n a d a . Rlaw-Knox C o m p a n y s^Tved a< consu l l ing 
^•n^;ine^•rs. IljL'̂ if ri-cointneMd;itton.>' for the handlini : . treiilnH'iit, 
aii'l <li.-<|nr<al of Ii<|uid-<. ;̂;i-e.-<, ;unl .<«i|i<|̂  u<-t»- formiil:(led, ]ii-
f<priuali'jn wn,-; iireninuIaU-<i uiid e.vcli.-inged f«»f llie U-tielii. of t he 

Y39 

file:///IiBcellaneou*
file:///firy


M.y 19« 
. » . — - - " " • " ":"S 

593 

• . • ' ^ • ' • • 

• Ki(t<i"- ^• 

I f..r « Slvrc.««-I'loi'l 

K. i i . r f ' " " 

; . Oil «• I " " * " * 
^ 7 , " ai.,»H...i 1 " ' 

from pl'»" '"" '*"" '• „„r.,„.d (r..m the l.«"^,'|;'; 

Ins •,'"Xt";".M.l>^'-' '-

n . . . . . - " -•'"' ^ 

r.i« 

so 
MM*-* 
7..S 

, » l : l . l 
\:PT::•:«^'^^•• 

, :««i<i V 
„ . i t . i » ' ' ; " ' • 

: P ' P ; V ' P " ' ' P """•'' 



594 I N D U S T R I A L A N D E N G I N E E R I N G C H E M I S T R Y Vol. 39. No. 5 

F i g u r e 4 , Faci l i t ic f i fo r M e a s u r i n g V o l u m e o f 
l u t l u K t r i a l W a M c 

wate r s . Sepa ra t ion of liydnH-arlHHw from wat^T liv g r a v i t y 
resul ls in wa te r Imt toms t h a t m a y U» p, i r t ia l ly or comple t e ly 
s a t u r a t e d witl» cont.-icting material.-*. If r emova l of tHs.soIvi'd 
hydrocarlKiiis is essent ia l fttr pn i t ec t ion of receiving s t r e a m s , 
the.^e wa'*(e.'* a re siilijeefcd to par t i a l di**f il lation to effect irnftrove-
mctit of tinr mix tures , 

Flqtiipmeiit UHctl for ilii.-' purjMw? var ies in each indivii lual 
p l a n t ; in prntTal t he e<niipnn*nl consL^Ls of t a n k s in whicli t le-
cantat ioi i is employed lo.«ioparatt! immi.'<cil»I<r li<|ui<ls, a n d st i l ls n r 
co lumns by which p.artial cvapon i t i on of the charge, is effected. 
TtH's<' restill in remov.-d of most, of t he maL-rials di.-;.''oI\i-d in t he 
wa te r pii:u^:. 

T h e major i ty of ptant-< in th is i n d u s t r y app ly regional t r e a l ­
ment to was tes a t t he point of origin, .Many of the po ten t i a l 
was te nuiteriaLs a r e only sl ightly soluhle in w a t e r and can IH- re­
moved from wa te r iniiHiundnients hy sk inmi ing . O t h e r m a ­
terials, .<;ucli ns la t t \ \ and soaps, can IK,' ciKigiilated ;tnd n-inoved 
by flotation or sed imenta t ion in g r a v i t y .-seprirators. T h e design 
of such .separators var ies widely in different plant.s Init consis ts 
casentlally of concre te basins provide<I wi th tiiKlcr- and overflow 
b.afTles t h a t t r a p floating or s^-ttlealile solids. R e t a i n e d m a ­
terials of this n.atur<! a re remov^tl by manii :d i>r mechanica l m('tli-
ods . If t he qua l i t y of recovere<l ma te r i a l s is stiflicienlly higli, 
t ne materi;il.s m n y be rc-used in Ihe prores,*; or.^cnl to />I.inl .'^crap. 
If cont : iminat ion of recovered mate r i a l s renders t h e m unusab le , 
t h e y a r e <Io.stroycd by burn ing . 

De ten t ion l imes in regional g r a v i t y .s'.'panitor< aven ige aboui 
2.5 hours with indivi<lual in.*;tallations va ry ing from 0.7 to 7.0 
houra. T h e s e ixiriods gencndly prt ividc am p l e l ime for t r ea t ­
m e n t a n d remov.'il of recoverable ma te r i a l s . 

Copo lymer plant*;, where recovery of rubU-r c r tnnbs from pro<--
es-s was tes j.s eM.*K;ntial, have .depar ted from conven t iona l de>jgns 
in gr.avity s e pa ra to r s . I*;irge rublM-r c r u m b s float readily and 
rise quickly (.o the .surface of w;it<;r inii>oundmcn(s, bii( .-fii.-iM 
cruml>^ ri.-^;sluggi.shly and may not re.ach t he surface of die I i* pi id 
in t ime to p r e v e n t di.*ich,arge of solids in to t he receiving IMMIV of 
w a t e r . S'tiin- copolvm'-r plat i ls have in.Htalied vaena io r s for 
h.'iiidling llii." t y p e of u.i.-ie. T h e li<iiiid is a e m t e d in exlern.-tl 
tank.** and llien en l e r - hirge cylindriejd ve«<-!.-. o iwra l in^ al a 
pre-s.-iure of :I1MHII 20 iIl<•lle:̂  <»f rnerenry . Tlie ri.-dni-ed pre.̂ .-^ntx-
•eaiis'-s tlji." en t r a ined bul>l'l':< of air to ri.<r to ' l ie surfriee .-inil 
At.ia-.li l.heiiiM-Ive.s tosni: i lI p.irlleh-.- of rublMT; 1 bus llie bni>l.!e> 

a«wLst in t he f lotat ion proce»i . Su i t ab le provwiona a r e m a d e 

wi th in t h c v a c u a t o r for s k i m m i n g floating m a t e r i a l i n t o b a r o ­

m e t r i c logs t h r o u g h wliich t hc recovered solids a r c r e m o v e d from 

t h c un i t . R e c o v e r e d r u b b e r goes t o p l a n t s c rap o r is d e s t r o y e d , 

depend ing u p o n i t s q u a l i t y . T h c clarified w a t e r i.«i d i scharged t o 

t he sewer l ead ing t o t h e final s epa ra to r . 

G r a v i t y s e p a r a t o r s of t hc t y p e s descr ibed a r c ineffective in 

r emoving dissolved m a t e r i a l s ; in some ins tances w a s t e w a t e r s 

h a v i n g a r e l a t ive ly h igh h y d r o c a r b o n c o n t e n t a r c col lected a f t e r 

regional t r e a t m e n t a n d sub jec ted t o pa r t i a l d i s t i l l a t ion a s d e ­

scr ibed, t o r e d u c e t h e dissolved c o n t e n t of m a t e r i a l s t h a t will 

affect s t r e a m q u a l i t y adve r se ly . A n o t h e r exped ien t is a e r a t i o n 

of wa-stc so lu t ions , wh ich effects s u b s t a n t i a l r educ t ion of odors a n d 

b iochemical oxygen d e m a n d . P a r t i a l d is t i l la t ion a n d a e r a t i o n 

a r c m o r e effective in r emov ing otlors t h a n in r educ ing B . O J ) . 

Process was t e s , a f te r regional t r e a t m e n t , a r e genera l ly c o m ­

bined in a s ingle c o n d u i t leading t o a final s e p a r a t o r . T h e s e s epa ­

r a t o r s p rov ide m e a n s for fin.al r emova l of s epa rab le m a t e r i a l s t h a t 

h a v e n o t been r e m o v e d b y regional facilities. T h e s e u n i t s usuaUy 

a r c moilificfl A m e r i c a n P e t r o l e u m I n s t i t u t e g r a v i t y s e p a r a t o r s , 

a n d a r c f r equen t ly p rov ided wi th facilities for a e r a t i o n a n d h a y 

filters for r e m o v a l of oils t h a t h a v e n o t bc^^n r e t a ined in t h c s e p a ­

r a t o r p roper , I i a y filters a re effective for p r e v e n t i n g oils o r o t h e r 

s t ispcnded sol ids f rbm en t e r ing t he receiving b o d y of w a t e r . 

F ina l t r e a t m e n t facilities a r c p rov ided , w h e n necessary , wi th 

m e a n s for a d j u s t i n g p l l va lues a n d b r eak i ng oil emul s ions . 

Re la t ive ly u n s t a b l e oil emtilsions m a y l>c ove rcome h y l e n g t h y 

.•storage or b y t r e a t m e n t wi th ac ids . . \ m e t h o d s o m e t i m e s e m ­

ployed for th i s p u r p o s e is to pa.ss thoeintilsifietl so lu t ion thn i i igh 

a sami coalcscer ; th is iwrmit.i i n t i m a t e c o n t a c t Iwtween the 

einul.sion a n d ind iv idua l par t ic les of .*yind. Sepa ra t i on is effected 

an<l t he freefl oil is rcnntve<I in a s u b s e q u e n t g r a v i t y .separator, 

rnves t iga t ion of imj i rovrd mti lhods of t lealing wi th emuls ions is 

in progress . 
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P0^&P 

Consith-rable K^^^ffion exis ts in i l ie tle^gii^of aSeparator.-* eni 
ploye<l J i y - t h c i n t i H r r y for final cleaftntTWTvj^idb w a t e r s U*fon' 
d c s c h a r ^ ' l t e ^ h c r ^ n v i n g j j o d y o f walcr" D e t e n t i o n t ime in .MICII 
bas ins v .a r ic? t££m^t67 t o 5.5 hou r s witli a n a v c n t g e of 3.75 hour s . 
T h e veloci ty of fl^- Ih ruugh ihe.^* unit,** va r i e s fn im 0.0 t o 1.2 
feet IKT m i n u t e . "*KJie de t en t i on poriod usua l l j ' provtdt\s umphr 
t ime for s i ;parat ion of ma te r i a l s l ighter o r heav ie r t h a n wa te r . 
FriH|upnt s k i m m i n g is resor ted t o in these u n i t s t o p r e v e n t solu­
t ion of wjparatcil h y d r o c a r b o n s in un.s;itnrHtc<I w a t e r . Gene ra l l y , 
s e p a r a t e sewirr s y s t e m s a r c providc<l for s t o n n wate r , which i> 
<li.srharg(.'d d i rec t ly in to t hc receiving Htrctrn. 

S; ini l«ry w:wles a r c t r e a t e d in sep t ic , Imhoff, or o t h e r tyix-s tjf 
t a n k s a n d then , genera l ly , on t r ickl ing filters. T h c fimd effluents 
front t he t r e a t m e n t ays t cm a rc usual ly ch lo r ina t ed . Sh idge from 
t h c h i t t e r u n i t s is p u m p e d to d r y i n g bcd« a n d l a te r disposetl <»f :is 
fill or ferti l iser. T h c design of such s y s t e m s is c o m p a r a b l e t o 
aimilar facilitietl for t r e a t i n g s an i t a ry -was t e s a n d requi res ntt tlis-
cus.'iion here . 

C O S T S O F THKATA1K,NT W O K K S 

M o r e t h a n $13,500,000 Imd been s|>ent, ILS of Afarch Ifl^fi, for 
the co!l<rc(i<tn, recovery , t reatment . , a n d di.siw.^-il of indi ts t r ia l 
wu.-*tefl of the for ty-one majo r rubl>er planl-n a t t?ighI.ceJi tliffen-nl 
geographical locat ions . Of th is a m o u n t more t h a n $11,300,000 
waa s p e n t for the haii<lUng of li((uid W]LSU-S, inc luding sanit .ary 
sewage, prtjcesii l iquids , a n d a t o n n druinagt?. I t is c o n t e m p l a t e d 
t h a t new reettvery, trealiiKrnt, a n d disposal facilities will be in­

s ta l led :LS retiuired in t he planUs e t in t inu ing in tiiM-ralioii. . \a of 

liie en<l of 1^(40 i t is es t im.atcd t h a t addi t i tu ia l i m p r o v e m e n t s 

^•'t.-(. a f iprovimafely ^300 ,000 . 

Kuti ire OfKTalion.s of (hc-se plant.s will conform wi th policies 
laid d o w n by the Fet leral G o v e r n m e n l tjntil .such tinKr.a.'^thcy pa-sa 
in to t he b a n d s of p r i v a t e indtislr^ ' . 

A < ; K N O W L K I M ; . \ I K . N T 

T h e a u t h o r s a r e i ndeb t ed t o R, M Walsh , of t h e Ollice of 
Rubln-r Rese rve , a n d . \ . Che^sley Wilson, of t h e S h e p p a r d T . 
Towell o rgan i s a t i on , for p r e p a r a t i o n of d a t a inc luded in ( i d s . 
pai»or. 
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